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INTRODUCTION 

The MC146805F2( )1 is a single-chip microcomputer unit 
(MCU) containing 64 bytes of user RAM, 1089 bytes of user 
ROM, 191 bytes of self-check ROM, 16 bidirectional I/O 
lines, four input-only lines, two timer registers, and an on- 
chip oscillator. The MC146805F2( )1 contains three distinct 
program modules, including: 

1. Monitor 

2. Demonstration Program (Keyless Entry System) 

3. Self-Check Program (Self Test) 

The self-check feature is fully described in the 
MC146805F2 data sheet and it can be used to verify opera- 
tion of the MCU. The self-check routine is included in all 
MC146805F2 devices. 

The monitor routine which is contained in all 
MC146805F2( )1 MCUs is not discussed as part of this appli- 
cation note. The monitor routine allows the user to evaluate 
the MCU using a standard RS-232 terminal. A copy of the 
keyless entry demonstration program listing is shown in 
Figure 2. 


KEYLESS ENTRY SYSTEM 


NOTICE 
The keyless entry system using the MC146805F2( )1 8- 
bit microcomputer unit is not intended to be used by it- 
self in a secure entry system. It is intended to be used 
only as an aid in better understanding the MC146805F2 
MCU and how it can fit into a secure entry system. 


The keyless entry system (referred to as a digital lock) is a 
dedicated MC146805F2( )1 MCU, executing a program, that 
can control a larger configuration to form a security entry 
system. Figure 1 contains a schematic diagram of the digital 
lock complete with keypad and liquid crystal display. 


The function of the digital lock is to accept inputs from a 
3 x 4 keypad and, if the inputs are in the correctly coded 
sequence, generate an output which indicates the lock is 
open. However, if the input code sequence is not entered cor- 
rectly, the digital lock MCU provides an alarm indication 
(logic 1) on pin 20 (PB2). 

The user interfaces with the digital lock MCU through a 
3 x 4keypad and a wake-up push button. This allows multi- 
ple users to gain access to a secure area without the necessity 
of carrying a key. The LCD displays a dash for each keypad 
entry. This ensures that the user knows how many of the re- 
quired keypad entries have been made. 

The digital lock MCU has a feature which protects against 
trial-and-error attempts to gain entry. If two incorrect code 
combinations are entered, an alarm output is generated (PB2 
goes high). The alarm condition remains active until the com- 
bination is entered or power is disconnected. 

Once the correct combination has been entered via the 
keypad, the LCD spells out the word OPEN. From this time, 
the user has eight seconds to open the door or other locked 
device. 

INITIALIZATION 

When power is initially applied or if power is lost and then 
reapplied, the 8-digit combination code is lost in RAM. It 
now becomes necessary to enter a new 8-digit combination. 
This can be done by performing the procedure outlined in the 
Changing The Combination paragraph. 

OPERATION 

Two operating modes are described below. One is the nor- 
mal user procedure to open the lock and the other describes a 
method to change the combination. 

Opening The Lock 

To open the lock: 

1. Press the wake-up push button and check that the LCD 

is clear. 
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2. Use the keypad to enter the 8-digit combination code. 
Note that each time a keypad switch is depressed a dash 
will appear on the LCD to indicate that a digit is 
entered. The total number of digits entered is equal to 
the total number of dashes. 

. Once the correct 8-digit combination code is entered, 
the LCD will display the word OPEN. The open signal 
is then actived for approximately eight seconds. If the 
user fails to mechanically open the door (or other entry 
device) during the 8-second time period, the above pro- 
cedure should be repeated to again gain entry. 


NOTE 
If an incorrect code is entered for the second 
time, the alarm signal becomes active. The 
alarm will stay active until the correct code is 
entered as described above or until power is 
removed. 
Changing The Combination 
To change the combination: 
1. Press the wake-up push button and check that the LCD 
is clear. 
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2. Use the keypad to enter the 8-digit change combination 
code number 14680502. Note that each time a keypad 
switch is depressed, a dash will appear on the LCD to 
indicate that a digit is entered. Once all eight digits are 
entered the LCD goes blank. 


Use the keypad to enter the new 8-digit combination 
code. As before, a dash appears each time a keypad 
switch is depressed. 

Once the eight new digits are entered, the word 
VERIFY appears on the LCD. This is a prompt for the 
user to enter the same 8-digit combination code as in 3 
above. If the second 8-digit entry is not exactly the same 
as the first, the word ERROR is displayed on the LCD. 
In this case, the user must repeat the procedure from 3 
above. 


NOTE 


Changing the combination does not open the 
lock. Once the new code has been verified, the 
LCD goes blank. The lock can then be opened 
as described in the Opening the Lock 
paragraph. 
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FIGURE 1 — Digital Lock System Schematic Diagram 
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NCODE 
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TEMPX 
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VALID1 
VALID2 
TEMP3 
* 


ENTRY CODE LOCATION 
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FIGURE 2 — Keyless Entry System Program 
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OG697A O34B 4F CLRA 

@G698A O34C 43 COMA GET FF 

®G699A O34D B7 STA PORTB+DDR SET PORTB DDR TO OUTPUT 
OB70GA O34F CD JSR CLEAR 

GB7G1 

OO7H2 

OG7H3A B352 STOP STOP PROCESSOR AND WAIT 
OB7G4A B353 JSR CLEAR CLEAR DISPALY 

OB7S5A B356 CLI 

092786 

90767 

00768 GET NUMBER 

GB709 

@O710A LDX #NCODE GET RAM SORAGE SPOT 
OB711A BSR GETS GET 8 NUMBERS 

9712 

@8713 NOW THAT WE HAVE THE EIGHT DIGIT NUMBER COMPARE IT TO 
90714 THE VALID ENTRY CODE AND THE CHANGE CODE. IF THERE IS 
@8715 NO MATCH INCREMENT ALARM COUNTER. 

92716 

OO717A #$08 GET COUNT 

@8718A NCODE-1,X GET FIRST/N NUMBER 
@O719A CHG-1,X IS IT THE CHANGE CODE? 
@O720A MORR IF Z=@ NOT EQUAL 
OO721A DECREMENT COUNTER 
OO722A MOR2 DO MORE IF NO 

@0723A VERI1 

90724 

98725 

@O9726A #CODE GET FIRST LOCATION 
OB727A BLCMP COMPARE THEM 

OO728A CHECK FOR EQUAL 
OB729A OPEN IF NOT @ THEN EQUAL 
OO730A ALARM1 

98731 

@B732 

90733 

90734 CHANGE ENTRY CODE SECTION WITH VERIFY 
98735 

@8736A JSR CLEAR CLEAR DISPLAY 

O@O737A LDX #NCODE GET RAM LOCATION 
@0738A BSR GET8 GET NUMBER 

90739 

98748 

99741 SEND THE WORD VERIFY HERE 

@0742 

@9743A LDX #$88 GET COUNTER 

OO744A LDA VERIFY-1,X 

OO745A JSR DSPLY 

Q9O746A DECX 

O@O747A BNE LOOP 

92748 

@B749 

@B75S 

6751 

@O752A GET RAM LOCATION 
9O753A GET NUMBER 

QO754 


FIGURE 2 — Keyless Entry System Program (continued) 
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96755 COMPARE VERIFY 

90756 

@O757A LDX #NCODE GET FIRST NUMBER 
@O758A JSR BLCMP COMPARE 

OO759A INCA CHECK FOR FF 
OB76GA BEQ CNT2 IF ZERO THEN ERROR 
90761 
@G762 
90763 
90764 
@8765 
90766 
90767 
98768 
OB769A LDX #$98 

OO770A LDA VERI-1,X GET START OF CODE 

@O771A STA CODE-1,X STORE IT 

9O772A DECX 

90773A BNE MOR6 IF NOT DONE DO MOR6 

@O774A JMP BEGIN GOTO START OF PROGRAM 
96775 

90776 IF IT GETS HERE THERE HAS BEEN A VERIFY ERROR 
90777 SEND THE WORD ERROR TO THE LCD 

98778 

OG779A CNT2 #$88 GET COUNTER 

OB78GA LOOP2 ERROR-1,X 

9O781A DSPLY 

@6782A 

9O783A LOOP2 

@G784A VERI2 

99785 = 

90786 5 THIS IS THE OPEN LOCK PART 

90787 = 

@O788A OPEN LDX #$88 GET COUNTER 

9O789A LOO3 LDA OPEN1-1,X 

OO799A JSR DSPLY 

OBO791A DECX 

O9O792A BNE LOO3 

92793 

OG7940 BRCLR 7,CTRL,NXT ALARM BIT SET? 

OB795A BCLR 7,CTRL RESET IF YES 

9O796A BCLR 2,PORTB CLEAR ALARM BIT TO OUTSIDE 
OB797A LDA #$F8 

9G798A STA PORTB 

98799 

9O80B 

99861 

9O8G2 LOOP FOR APPROX. 8 SECONDS 

9B8H3 

9B804 

OO8G5A LDX #SFF GET COUNT 

OO8H6A JSR TMDLY DELAY 

90807 

28868 

BO809 CLOSE LOCK 

96819 

O@6811A CLRA 

@8812A STA PORTB 


VERIFY OK 
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FIGURE 2 — Keyless Entry System Program (continued) 
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96813 * 

98814 = 

98815 i 

90816A JMP BEGIN 

98817 4 

99818 ss THIS IS THE ALARM SPOT 

@0819 * 

O9O82GA 46 A ALARM1 INC CTRL INCREMENT ALARM COUNTER 
@O821A 4G @2 O3CE BRCLR 1,CTRL,NXT2 CHECK FOR ALARM=2 
@9822A G1 A BSET 2,PORTB IF ALARM=2 THEN SET BIT 
98823A O34F A NXT2 JMP BEGIN GOTO START 

92824 

99825 

92826 

90827 SUBROUTINE GETS8 

09828 

OO829A #$88 GET NUMBER COUNT 
G@O830A TEMP1 SAVE COUNTER 

9O831A #$40 GET UPPER COUNTER 
@0832A TEMP2 SAVE COUNTER 

98833A #SEFF GET LOWER COUNTER 
@O834A TEMP SAVE COUNTER 

99835 
92836 
@9837 
98838 
99839 
9G848 
98841 
@9842 
90843 
99844 
99845 
99846 
98847 
99848 
99849 
9O858 
@9851 
@9852A 
99853A SELECT ONE COLUMN AT A TIME 

@O854A SAVE X REGISTER 

@O855A COUNT THE COLUMN 

9856 

@@857 

98858 

O9O859A CHECK IF KEY PRESSED, ONE COL AT A TIME 
OO86GA CLEAR UPPER NIBBLE 

OO861A BRANCH IF KEY PRESSED 

O@G862A NEXT COLUMN 

QG863A DECREMENT COLUMN COUNT 

OB864A NO KEY PRESSED 

OB865A RETURN X WITH $FF 

9G866 

90867 

99868 

OO869A 

@O87GA 


KKK KKK KKEKEEKEKKKE KEK ERE EKER EERE KKKKEKEKEKEKKEEKEKEKEEKKKKKKKKKKKKRKKREE 


THIS SUBROUTINE SCANS A 4 X 3 MATRIX OF KEYS AND RETURNS A * 
VALUE OF 1-12 IN THE A ACCUMULATOR IF IT FINDS ONE DEPRESSED, * 
OTHERWISE IT RETURNS A VALUE OF $FF IF NO KEY IS DEPRESSED. THE * 
ONLY REGISTER DISTROYED IS THE A ACCUMULATOR ALL OTHER REGISTERS * 

* 
* 


ARE LEFT ALONE. 
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FIGURE 2 — Keyless Entry System Program (continued) 
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Q9O871A O3F4 28 4D 9443 BRA CK 

9O872 * 

98873 ed 

9G874 3 

O9O875A O3F6 44 FOUND LSRA SHIFT IF THE ROW INFO 1 PLACE 
@O876A O3F7 25 65 O3FE BCS CHECK 

@@877A B3F9 5C INCX ADD 3 FOR EVERY ROW 
90878A @3FA 5C INCX 

@2879A O3FB 5C INCX 

O@O88HA B3FC 20 F8 O3F6 BRA FOUND 

92881 * 

96882 “al 

96883 sd 

99884A O3FE A3 BA A CHECK CPX #S0A 

9B885A 499 25 EF O3F1 BLO EXIT NUMBER RETURNED < 19 
OOG886A B4G2 AZ BB A CPX #$OB 

OO887A B484 27 4 @40A BEQ FIX INPUT NUMBER IS ZERO 
OO888A 2406 AE FF A INVAL LDX #SFF INVALID ENTRY RETURN $FF 
OB889A B488 20 E7 O3F1 BRA EXIT 

OB890A B4HA AE OB A FIX LDX #$OB RETURN @ IN X 

@O891A B40C 20 E3 O3F1 BRA EXIT 

98892 = 

98893 - 

90894 bs 

®8895A B40E B7 5E A DEBNCE STA TEMPA SAVE A REGISTER 

O9G896A 9418 3F 5F A CLR VALID1 

O9O@897A O412 3F 68 A CLR VALID2 

OO898A O414 44 DBNCE1 LSRA 

O@O899A 9415 25 84 @41B BCS ONEKEY CHECK TO MAKE SURE ONLY ONE KEY PRESSED 
@GIBBA B417 3C 5F A INC VALID1 

@G9G1A B419 2H FO 9414 BRA DBNCE1 CONTINUE CHECK 

@G982A O41B Al BB A ONEKEY CMP #$O8 ONLY ONE KEY PRESSED 
@G9G3A B41D 26 E7 G406 BNE INVAL NO, MORE THAN ONE KEY PRESSED 
9904 oi 

98985 = 

OB986A O41F BF 61 A STX TEMP3 

O@G9B7A 9421 AE FF A LDX #SFF 

OBI9W8A B423 5A MOR1®@ DECX 

G@G9B9A B424 26 FD 8423 BNE MOR1@ 

9G919A 8426 BE 61 A LDX TEMP3 

@G911 bs 

9G912A 9428 B6 BB A LDA PORTA CHECK TO MAKE SURE ORGINAL KEY PRESSED 
@6913A @42A A4 OF A AND #SOF 

O@B914A B42C 44 ROWCK1 LSRA 

@B915A B42D 25 84 9433 BCS ONEKY1 

OG916A B42F 3C 6B A INC VALID2 

O@B917A G431 28 FO G42C BRA ROWCK1 

Q@G918A G433 BE 68 A ONEKY1 LDA VALID2 

G@G919A 9435 Bl 5F A CMP VALID1 SAME KEY PRESSED 

®@G929A 8437 26 CD 9486 BNE INVAL NO! SAME KEY NOT PRESSED 
@G921 mS 

GBI22 us 

@B923 *: 

9G924A B439 BE BO A UPKEY LDA PORTA CHECK TO MAKE SURE KEY HAS BEEN RELASED 
9@925A 943B A4 OF A AND #SOF 

@O926A @43D 26 FA 9439 BNE UPKEY RELEASED? NO 

9@927A @43F B6 5E A LDA TEMPA VALID KEY PRESS 

@2928A 9441 28 B3 O3F6 BRA FOUND CALCULATE KEY NUMBER 


FIGURE 2 — Keyless Entry System Program (continued) 
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91945 

91946 

91947 

91948 

91849 

91858 

91951 FR KK KK IK KKK KK KK TK KK KH HK HK KKK KKK ITH KICK RIK IK IKKE KIRK RK KR A RIK 
19852 * 

91953 * VECTORS 

1054 * 

91955 He IK I I KK IKK KKK KK KKK KKK TK KKK KK IK IKK IKK TK KIKI KK IK IK IK IK RK IK I 
G1056A ORG MEMSIZ-18 

O1O57A FDB BGIN1 

@1958A FDB BGIN1 

G1959A FDB INT 

@1G60A FDB MONIT 

G1961A FDB RESET 


FIGURE 2 — Keyless Entry System Program (concluded) 
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9G929 

GG939 

98931 

9G932 

96933 

90934 

98935 

90936 

@6937 

99938 

98939 

9B94GA INCREMENT A Z=1=NOKEY 
OO941A BACK GO BACK IF NOT ZERO 
@G942A TEMPX SAVE X 

90943A #$G1 

9G944A TMDLY DELAY FOR 32MS 
9O945A TEMPX GET X 

9B946A TEMP DEC LOWER COUNTER 
OO947A SCAN CHECK FOR MORE KEYS 
9B948A TEMP2 DEC UPPER COUNTER 
GO949A SCAN1 CHECK FOR MORE KEYS 
90958 

96951 CLEAR DISPLY HERE 

@G952 

99953A 

@O954A 

@@955A 

OO956A ADJUST KEY NUMBER 
OG957A SAVE NUMBER 
9G958A 

9B959A 

OOI6BA INC POINTER 
OO961A DEC COUNTER 
96962A IF NOT 8 GET MORE 
90963A RETURN 

9O964A 

@8965 

9966 

92967 THIS IS THE DISPLAY SUBROUTINE 

98968 tel 

OO969A DSPLY STX TEMPX SAVE X 

OOG97GA LDX #$08 GET COUNTER 
@O971A CLC CLEAR CARRY 
9G972A MOR8 LSLA ROTATE TO GET BIT 
@G973A BLO ONE ONE OR A ZERO 
96974A BCLR 9,PORTB SEND ZERO 

O9B975A BRA STRB 

OO976A BSET @,PORTB SEND ONE 

@O977A BSET 1,PORTB SEND STROBE 
9O978A BCLR 1,PORTB TO ENTER DATA 
OB979A DECX DEC COUNTER 
OOISGA BNE MOR8& 

@9981A LDX TEMPX 

9G982A RTS RETURN 

96983 

96984A CLEAR CLRA 

9O985A A LDX 

9O986A 946C LOO BSR 


FIGURE 2 — Keyless Entry System Program (continued) 
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@G987A B489 5A DECX 
9G988A S48A 26 9487 BNE LOO 
9G989A B48C 81 RTS 

BB99B 
@9991 
GO992 
98993 
BG994 
9G995 
GG996 
@G997 
OG998A BLCMP LDA #$88 GET COUNTER 

BOI99A STA TEMPA1 SAVE COUNTER 

919900 MOR1 LDA GET IT 

G1GG1A CMP COMPARE 

G1902A BNE IF NO COMPARE GO BACK 
G1903A INCX 

919040 DEC TEMPA1 DEC COUNTER 

G1905A BNE MOR1 IF NOT DONE DO MORE 

B1OGS6A CLRA GET ALL ZEROS 

G1907A BRA RT1 

G1998A CLRA 

G19B9A COMA GET ALL ONES 

91918A RTS RETURN 9@=EQUAL FF=NOT EQUAL 
91911 

91912 

91813 

91914 THIS IS THE TIME DELAY ROUTINE 

91915 
91916 
919817 
91918 
81819 
91828 
G1921A STA TEMPA1 SAVE ACC. 

G1922A LDA #$47 GET TIMER CONTROL BYTE 

G1823A TIMER+1 STORE 

919240 #SFF GET ALL ONES 

@1925A TIMER STORE 

@1826A 7,TIMER+1,HERE POLL TIMER IRQ BIT FOR TIMEOUT 
@1027A DEC COUNTER 

G19828A MOR IF NOT DONE DO MORE 

G1929A RETURN 

91938 

919831 

91632 

@1833 

G1834 

G1935 

91936 

@1937A 9c 
91938A 9A 
G18639A Cc 8353 
91949 

91041 

91842 

91943 

91944 SET UP EXTERNAL INTERRUPT VECTOR HERE 


THIS IS THE BLOCK COMPARE ROUTINE 


X-CONTAINS THE LOWER ORDER LOCATION 
THIS ROUTINE ASSUMES THE THE TO EIGHT 
DIGIT NUMBERS ARE NEXT TO EACH OTHER 


+e te FO OF 


X CONTAINS THE NUMBER OF TIME OUTS THAT THE 
COUNTER WILL GO THRU 
ONE TIMEOUT=32 MILLISEC. 


+e ee OF 


= 

52 

ao 
1} 
re 


IRQ DRIVER TO GET THE HOLE THING STARTED 


+t te ee 
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FIGURE 2 — Keyless Entry System Program (continued) 


